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ABSIRACT

A study of microwave breakdown in strengly non-uniform electric
fields has been performed. Breakdown fields in air have been measured
in three resonant cavitises at X-band frequencies. One cavlity was de-
signed to provide uniform fiéld breakdown, while the other two had
strong field gradients. Effective diffusion lengths for the non-
uniform field cavities were calculated, by making use of the variational
theory for non-uniform field breakdown. The experimental results for
the uniform field cavity are in good agreement with theory; however,
the observed data for the non-uniform field cavities shows only fair
agreement with theory. The discrepancy between theory and experiment
in the diffusion region is not unexpected, considering the assumptions
that were made in the theory. However, the discrepancy in the attach-
ment region of the experim@nts 1§ unexpected and suggest the possibility
that an additional mechanism may play a significant role in non~-uniform

field breakdown.
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I. INIRODUCTION

The electrical breakdown of gases at microwave frequencies has
been studied by a number of authors in the past.’~’ C.W. breakdown
is defined as the condition which exists in the gas at the instant of
time when the rate at which electrons are being lost is exactly balanced
by the rate at which they are created. The loss of electrons is accom-
plished by the mechanisms of diffusion, attachment and recombination.
Their production is due to ionizing collisions by electrons which have
gained sufficient energy from the applied electric field. The pressure,
container size, and the characteristics of the gas determine which loss
process 1is dominant.

The C.W. breakdown condition is expressed analytically, by the
steady state continuity equation. For diffusion controlled breakdown,
this equation is solved subject to the boundary condition that the elec-
tron density vanishes at the walls of the container. If the electric
field is uniform in space, the governing equation is a second order,
linear, homogeneous differential equation with constant coefficients,
whose sclution is straightforward. An infinite number of eigenvalues
is obtained corresponding to an infinity of solutions for the electron
density distribution. Each solution refers to a diffusion mode, but
only those combinations of solutions, which are everywhere psoitive,
are admissible. In breakdown experiments it is the lowest eigenvalue
which enters the calculations. This is based on the assumption that the
lowest diffusion mode dominates breakdown.

In analogy to the first Townsend coefficient for d.c. breakdown,




I P pM U IR B e

[ N

s

o

-2-

a high frequency ionization coefficient is defined

(1)

Here, v 1s the net production rate per electrony, D is the diffusion
coefficient and E the electric field. The quantity { is thus a
function of electron energy as both v and D are energy dependent
quantities. The energy dependence of { 1s expressed as a functional
relation between { and E/p, where p is the pressure and E/p is the
proper energy parameter. If this functional relation is known ther

the breakdown field can be determined by relating the lowest eigenvalue
to the high frequency ionization coefficient. This leads to

(2)
(AE)3

where A 1s the characteristic diffusion length of the container.

The energy dependence of the ionization coefficient is, in general,
arrived at, by making use of the Boltzman transport equation and kinetic
theory.® The Boltzman transport equation yields the electron eriergy
distribution function. Kinetic theory relates the distribution function
to the ionization frequency and to the diffusion coefficient. However,
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the complexity of the calculations limits the applicability of this
approach to those few gases which exhibit relatively simple properties.
The properties of the gas that determine the complexity of the calcu-
lations are the energy dependences of the cross-sections for the vari-
ous elastic and inelastic processes that may occur. Even for simple
gases such as‘He, or H2 approximations are necessary.

Another approach in arriving at the energy dependence of the high
frequency ionization coefficient, is to make use of davailable d.c.
experimental data. This approach has been successfully applied to
air where the data, for the energy dependence of the coefficients for
ionization and attachment is available.

Once the high frequency ionization coefficient is known, the
problem is essentially solved for the ‘ase of uniform fields. Almost
all of the workers in the past have so designed their experiment that
the breakdowﬁ field was uniform in the direction in which diffusion
took place.

The effect of a non-uniform field on breakdown has also been
studied by a number of authors.®-!* An effective diffusion .ength is
arrived at by solving the diifusion equation for the case ¢f a non-
uniform field. Herlin and Brown® have solved this equation approxi-
mately for a few simple cases 1n terms of confluent hypergeometric
fun~tions. Buchsbaum® has shown that a variational technique can be
applied to this problem, and both he and the author!® have used this
technique in some simple cases. More recently, Platzman and Solt!!

have used the variational method in a morc general casc and have
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achieved good agreement with experimental results. In this work, we
applied the variational method to conditions having an essential
difference from those of Platzman and Solt.!* While they studied
primarily the effect of non-uniform fields on electrical breakdown at
small metallic discontinuities, we studied the effect of the non-uniform
fields found in higher order mode cavities. Thus within the volume,
remote from the walls, there existed regions of where the eiectric field

was too small to cause net ionization.
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A. gSolution of the Diffusiop Equatjon
The differential equation that governs C.W. diffusion controlled

breakdown is*

vy + (B} = 0, (3)

where ¥ = Dn, n being the electron number density. If E is uniform,
€ and D are independent of position and the equation is easily solved
subject to -the boundary conditiorn. that n vanishes at the walls of the

container. This leads to the lowest eigenvalue given by

k® = (E° (%)

The eigenvalue k is the reciprocal of the di’fusion length A, which
is determined by the geometry of the container. If { 1s known as a
function of E then the breakdown field is given by (4).

If the field is not uniform in space, then it can be expressed as

E = E' F(x,y,2) (5)
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where E' is the value of the field at a particular point in the region.
The value of { at this point is designated as {'. The characteristic

value 1s then expressed as .

EN
k® = LE® = {'E'® <-CE'.> (‘T - (6)

where k'3 = {'E'? (7)

Assuming that the diffusion coefficient D is a slowly varying function
with energy, (so that its space dependence can be neglected, except
insofar as it is taken account of in the space variation of ¥{) then
Equation (3) is still valid for non-uniform field breakdown, and sub-
stitution of (6) into (3) yields

g EN
v3n + k'? <-£'-> <—-'-> n=20 (8)

The problem 1s to determine the new eigenvalue k' which together with
Equation (7) determines the breakdown field E'.

Equation (8) is still linear and homogeneous, however, the
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coerticionts are no longer cohstant, but depend on the independent
space variables. The equation is solved by using the variational

method. We rewrite (8) as

k'® = -‘].nv’ndvlj‘na <{i'> (;E'-j dv (9)

vhere the integration is carried out over the total volume of the

container. By making use of the ideniity

V. (rVn) = Yn.Vn + nv3n (1C¢)

and of Green's theorem, together with the condition that n vanishes

at the boundary of the container, Equation (9) reduces to

k'? = [(vn)*dav|[n® <c/z:> (;—Ej dv (11)

The next step is to use a theorem which is proven in the theory of
the calculus of variations. The theorem states that if an n satisfies

Equation (8) and either one of two boundary conditions, i.e., either
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n or its normal derivative vanishes at the walls, then it must also

satisfy the equation

£(k'?) = 0, | (12)

where { indicates minimization of Equation (11) with respect to vari-
ation in n. In addition, k'? will have an absolute minimum correspond-
ing to the lowest eigenvalue if ({/{') is nowhere negative.

The method then involves choosing a trial function for n which
contains one or more arbitrary parameters. The form of the trial
function 1s usually suggested by the physical situation. The quantity
k'® 1s minimized with respect to the variational parameters, and its
minimum value will be an upper bound on the lowest eigenvalue. This
method leads to an approximate lowest eigenvalue, the accuracy of the
approximation being determined by the accuracy with which the trial
solqtion approximates the actual electron density distribution.

Equation (7) can be rewritten as

ofoRlo]

where A' 1s an effective diffusion length for non-uniform field
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breakdown. Unlike the uniform field case where the diffusion length
is determined solely by the geometry, A' is now a function of E/p.
This"is seen from Equation (11) where the quantity (&/¢') is function-
ally related to E/p. It is through this relation that the space de-
pendence of (8/¢') is determined and used in (11). Once A' has been
determined as a function of E/p for a particular field non-uniformity,
Equation (13) together with the relation between { and E/p, leads to

a plot of E'/p vs. pA'. The experimental results can then be compared
to this theoretical curve by using the calculated A' corresponding to
each experimental value of E'/p.

B. Determination of the High Frequency Ionization Coefficient

Several factors, to be discussed subsequently, dictated the choice
of air as the gas fill to be studied. The high frequency ionization

coefficient for air is determined from d.c. data by writing®’

3 «p - 8/p
{= - ———— (1)

2 uav

In this expression < = number of ionizing collisions per cm per e¢lectron,

R = number of attaching collisions per c¢m per electron and Uy is the

average electron energy. Recombination losses at dreakdown densitics
[

in air can be neglected, and are therefore not included in (l%). The

experimental data for the dependence of «/p, 8/p and u_, on Edc/p is
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used to calculate { as a function of Edc p. The result can be applied
to high frequency fields if instead of the d.c. field an equivalent

is defined as“s*’

high frequency field is used. The equivalent field Eeq

Ee%/p = Ee/$ + 4 (19)
where B = Er;s/[l + (W/vc)aJ9 (16)

Ee is an effective field, Erms = r.m.s. value of the high frequency
field, w = radian frequency of the high frequency field, Vo T electrou-
molecule collision frequency and A is a term that takes account of the
electron energy modulation. This term is important only at high pres-
sures when the energy relaxation time becomes comparaple to the r.f.
period. In comparing theory with experiment the cxperimental break-
down fields must be reduced to this equivalent field, which results in
the same net ionizatiun as a d.c. field of the same magnitude.

The high frequency loniation coefficient for alr has been calicnu-
lated by Platzman and Solt.!! We used these results in calculating the
effective diffusion lengths for our experimental conditions. 1Tn reduc-
ing the experimental data, the results of Gould and Roberts® were used

for the energy modulation term A.
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C. Limits of Applicability of the Theory

" In Section II A we have seen that the calculation of effective
diffusion lengths involves a knowledge of the dependence of § on E/p.
In calculating ¢ from kinetic theory one usually gets a dependence on
three parameters, E/p, pA and A/Xx where )\ is the wavelength of the high
frequency field. The dependence on A is due to the assumption® that
Y‘fo'= -fo/A“, where fo is the electron energy distribution function.
The assumption is made in order to facilitate the solution of the Boltz-
man equation for fo‘ Since it is the diffusion length, applicable to
a particular non-uniform field, that we are trying to determine, the
method will, in general, be invalid if ¢ is a function of A. For air
this problem does not arise, as { 1s determined from d.c. experimental
data and is therefore independent of both A and A.

The theory also is invalid unless the ionization coefficient,

and therefore the electron energy at a given point, is determined by
the field at that point. This is best seen from Equation (11) where it
is necessary to introduce the space dependence of ¢{ before the variation-
al technique is performed. Since the space dependence of { 1s deter-
mined through its dependence on E, the implication is that at a given
point'C is determined by the field at that pcint. This condition will
be satisfied 1f we experimentally fulfill the two following requirements:
(a) The distance that an electron diffuses in an energy relaxation time,
and (b) The oscillation amplitude of the electron, are both small com-
pared to the distance over which the field changes appreciably.

The number of collisions that an electron has to make in diffusing
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length A 1is!?

3 4%
- — (17)
2 42

where 4 is the mean free path of the electron. Therefore the dif-

fusion distance covered in time t will be

=2 ,a 3
The mean free path ¢ = %—, where v is the average electron velocity.
c
Substitution of + leads to
-o[2zx7%
A=V [3 VC] (19)
The energy relaxation time can be written as
1
t (20)

T (K/p)p®
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where K is the fractional energy lost per second per mm Hg of pressure.
The diffusion distance covered by an average electron in a relaxation

time is

- 1
= [§——TF (21)
(K/p)p?v,

This must be small compared to an effective diffusion length Ae’

corresponding to a distance over which the field changes appreciably

———]1 < Ay (22)
(K/p)p’vc

<
—
wir

Assuming a collision frequency cf 6 x 109 p and an average electron

energy of 5 e.v, leads to the condition that

p > [LEEIZPE/3 5] 2/3 @)

K/p as a function of average electron energy has been computed for air

by Gould and Roberts.®* Using a va.ue of K/p corresponding to 5 e.v,




L i | g L e —— "

& oo §

& mconyr.

e

-14-

and an effective diffusion length of 2 x 10'3 cm ylelds,

p > 12 mm of Hg (24)

The value of g used is one which corresponds to a distance over

which the field changes less than 104 over 95% of the cavity volume.
The field change will be greater than this, over a similar distance,
only in regions of low ionization. This discrepancy should, therefore,
not effect the above condition.

The restriction on the pressure given by (24) is stronger than
the mean free path condition required for diffusion 9ontrolled break-
down. For our experimental conditions, the requirement that the mean
free path be small compared to the dimension in which diffusion takes
place, leads to the condition that p>5x10-3 mm Hg.

The oscillation amplitude 1limit of the electron is bound from

e E
A=N2 - — (25)

m wv
wV¥e

where A is the oscillation amplitude and % is the electron charge to
mass ratio. We require that A be small compared to the distance over

which the field changes appreciably. For our experimental conditions




we have,

e E _5
Né = — <5 x10 (26)
m wvc

this leads to the requirement that

E/p < 240 V/cm - mm Hg . ' (27)

This condition was satisfied in our experiments.

In addition to these restrictions on the theory; we must consider
that the effect we are looking for will be present only in the diffusion
controlled pressure region. The theory predicts that the effect of a
non-unifofm field on breakdown, in a given geometry, is to reduce the
diffusion length, theteby raising fhe required field for breakdown.
Since attachment controlled breakdown is independent of geometry, we
should not expect to see the non-uniform field effect in this region.
From the available data for air®, it can te seen, that attachment

assumes a dominant role at a value of approximately

pA = 6 cm-mm Hg. (28)
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IITI. EXPERIMENTAL APPARAIUS

The heart of the experimental equipment is the microwave cavity
in which breakdown fields are measured, as a function of pressure.’
Three cavities.have been used in these experiments. They were made
of oxygen free high conductivity copper and were vacuum tight. In
appropriate places they had pyrex bubbles which protruded into the
cavity, for the purpose of probe coupling microwave power to the cavity.
These bubbles were found to 1limit the pressure range in which data
could be taken. At high and low pressures where high poweré were need-
ed for breakdown, the bubble overheated thus ruining the coupling to
the cavity.

In the design of the cavities the following considerations were
the determining factors.

(a) Field configuration

(b) Physical size

(c) Mode separation
The desired field configuration is one which has a strong field gradient
in the direction in which most electrons are lost to the wails by dif-
fusion. This requires that the dimension in whicl a strong field grad-
ient exists, for a particular mode, be small compared to the dimension in
which we wish to neglect diffusion. To satisfy this condition for the
interesting modes, at S band, would make the physiczal size of the cavi-
ties impractical. The cavities were thus designed to resonate at a

frequency of 9.5 Kmc. It is also necessary to insure that other modes
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whose resonant frequency is close to 9.5 Kmc will not be excited.- The
cavity dimensions separated all undesired modes by at least 50 Mci In
the one case where this is not so, the coupling probe was placed at a
position in the cavity, where it excited only the desired mode.

All three cavities were right circular cylinders. Their inside
dimensions are given in Figure 1, where we have included a sketch of
a right circular cylinder and a cylindrical co-ordinate system. The
following tabie gives the mode of oscillation for each cavity together
with the corresponding electric field distribution'*:

1. ™y E, = J, (2.405 r/R)
2. TMyso E, = J, (5.52 r/R) (30)
3. TEgpq E, = J, (3.832 r/R) Sin { 2z

Figure 2 gives a sketch of the electric field distribution in the
direction of major diffusion, for the three cavities.
_ In Figure 2 it is seen that one cavity has a uniform field in the
direction of major diffusion, while the other two were designed to
have non-uniform fields in the direction of major diffusion. The
data received from the uniform field cavity was used to check our re-
sults with those of previous workers, thus providing a check on the
calibration of the equipment.

The experimental conditions, used in this work to study non-
uniform field breakdown, differ from those of Platzman and Solt'! in

two respects:
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a) There is a strong field gradient in the direction of major
diffusion, which should result in an increased effect. This was ac-
complished without change in the geometry. Platzman and Solt!' created
strong gradients in a small region of the cavity, by introducing a small
boss in the center of their cavity. This would have the effect of chang-
ing the diffusion length even if the field were to remain uniform. It
is possible that the discrepancy between theory and their data, for the
pressure range where the boss was effective, 1s due to this additional
effect.

b) The cavity oscillating in the TEOll mode has a field distribution
that is periodic in the direction of major diffusion. 1If the data and
calculations for this cavity should show a relation between the effect-
ive diffusion length and the spacial periodicity, then it may be pos-
sible to relate effective diffusion lengths for breakdown in unbounded
regions to the wavelength of the breakdown field. Such a relation
would be a function of the parameter E/p, due to the dependence of the
effective diffusion length on E/p.

The arrangement of the apparatus in the experiment is shown in the
block diagram of Figure 3. The equipment is standard and is similar to
that used in previous breakdown experiments:” We used a one milli-
curle radiation source to provide initial electrons for the start of
the breakdown avalanche.

The experimental procedure consisted of measuring the power absorbed
by the cavity at brcakdown for various pressures. From this data to-

gether with a measurement of the Q of the cavity, the maximum field in
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the cavity at breakdown was determined.®s'® Breakdown was noted by

observing a sudden increase in the VSWR of the cavity at resonance.
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IV. MEASUREMENIS OF Q

Figures 4 through 10 present the data of measurements of voltage
standing wave ratios and positions of voltage minima as a function of
frequency for the three cavities. This data, together with the theo-
retical charts of Brown and Rose,'® was used to determine the Q of the
cavities.

The loaded Q is defined as

Q== (31)

where fo is the frequency of resonance and Af 1s the width of the

VSWR vs. frequency curve. The height at which the width is measured,
designated as Rh on the graphs, 1s determined by the value of the VSWR
at resonance (Ro) and the value of the VSWR far away from resonance
(R,). The unloaded Q can then be determined from the values of QL’

Ro’ R, and from the plot of the position of the voltage minima as a
function of frequency. Thils plot indicates whether the cavity is under-
coupled or overcoupled. Figures 6 and 8 show that the cavities resonat-
ing in the TMOlO and TM020 modes are undercoupled, while Figure 10 shows
the overcoupling of the cavity resonating in the TEO11 mode. A detailed
description of this method of determining the unloaded Q 1is given in

Reference 1.
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The following table summarizes the results of the measurments

U

Mode £, (me) | af (mc) | R, (db) |R, (dp) R, (db) W
TMblo 8851.2 | 37.3 0.5 29 13.8 237.3| 427.1
™g00 9448.2 9.1 2.15 27 13.5 1038.3 | 1661.2
TEqy;; | 9480.5 | 13.1 7.2 29 15.6 723.7 | 22724
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V. DETERMINATION OF IHE ELECTRIC FIELD IN IEE CAVIIY'®

The power absorbed by the cavity at resonance is related to the

energy stored in the cavity by

P =4 (32)

where w, is the radian resonant frequency, QU is the unloaded Q and
u is the energy stored in the cavity. The stored energy can be ex-

pressed as

u = % L j E* dv (33)

v

where LIS is the free space permittivity, E is the electric field in
the cavity and the integra*ion 1s performed over the tctal volume of

the cavity. The electric field can be expressed as

E = ‘V? EO f (r’ 0, Z) (31")

A RS T2 ¢ et € = < e o 1
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where Eo is the rms value of the field at a point in the cavity where
the field is a maximum. The function f (r, 6, z) gives the space de-
pendence of the field, as determined by the mode of oscillation. Com-
- bining Equations (32), (33), and (34) yields for the power absorbed at

resonance

Po = %_I_OI an 30 I f" (r’ e’ z)dv ; %—-;an n (35)

\'

Withn=eoffa (r, e, Z) dv .
v

The rms electric field at the maximum field point can now be written

as
lP Q| *
= | .U
Ey = won:l (36)

The following table gives the quantity n for each of the modes considered.
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n

M™o10

0.269% (R ro'h

My20

0.1158 R ro'h

TEo11

0.2395 ¢ ro'h

and h is the radius and'height respectively of the cylindrical

cavity in each particular case.

If the incident power on the cavity P1 is measured at resonance,

then the absorbed power Po is determined from the relation

where p is the magnitude of the reflection coefficient at resonance.

The desired value of the electric field can then be determined by the

use of Equation (36).
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VI. DRISCUSSION OF BESULIS

Figures 11 through 14 present the results of the calculations for
the two non-uniform field cavities. To perform the calculations one

assumed an electron density distribution of the fofm

L S m
n (ryz) = N Sin E z [|J°(5.52 r/R)I] A (38)

for the TM020 mode cavity, and

n J (3.832 r/R)-m
T [ A ] (39)

.5819

for the TEy;, mode cavity. Here, N ' is a finite density at the point
of maximum field in the cavity and, m is a variational parameter.

These expressions together with the Eeg/p dependence of the ionization
coefficient { and the electric field distributions in the respective
cavities were used in Equation (11) to perform the variational calcu-
lations. The calculations were performed on a high speed digital com-
puter. Figures 11 and 12 show the variation of (k‘/’ko)a with the para-
meter m and Eeg/p for the two cavities. Figures 13 and 14 show the
variation of the minima of (k‘/ko)' with Eeg/h' The minimum k* is the
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eigenvalue for non-uniferm field breakdown or the reciprocallof an
effective diffusion length. k, is the eigenvalue for uniform field
breakdown which for a cylindrical cavity is

1N\32 N2 2.405\ ®
HONONCINNE
Ay L R

In Figures 11 and 12 we see that the minima of the curves shifts to
larger values of m with decreasing Eeg/p, indicating a more highly
peaked density at lower values of Eeg/p' Figures 13 and 14 show the
strong Eeg/p dependence of the diffusion length for non-uniform field
breakdown.

In Figure 15 we compare the data taken in the uniform field TMOlO
cavity with theory. Agreement is good throughout the region where
the theory applies, that is down to a value of pressure times gap
distance equal to the mean free path limit. The broken line marked
4 = A/10 indicates the mean free path 1limit for our cavity. The mean
free path ¢+ was computed by assuming a mean electron energy of 5 e.v.
at breakdown. This is about 1/3 the ionization potential of nitrogen.
The broken line marked diffusion 1imit indicates, roughly, the sepa-
ration between diffusion and attachment controlled breakdown. 1In
Figure 16 we compare our data for uniform field breakdown with data
taken at S band by L. Gould.

e T
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The data taken in the two non-uniform field cavities together
with a plot of the theory for uniform field breakdown 1s shown in
Figure 17. All experimental data was reduced according to Equation (15)
and the diffusion length used in this plot is the one that would apply
if we had uniform field breakdown in the two cavities. Figure 18 pre-
sents the same data after the diffusion length in each case was cor-
rected by the theoretically computed factors given in Figures 13 and
14. In Figure 17 we see that in the diffusion controlled region the
non-uniform breakdown field values do fall above the uniform field
line as expected; that is, any non-uniformity in the field must be
compensated for by an increased value of the maximum field at break-
down. However, in the attachment controlled breakdown, where the loss
mechanism operates in the immediate regdion where the electron is pro-
duced, one would expect no difference between the non-uniform and

uniform breakdown field values. We would expect the non-uniform field

data to asymptotically approach the attachment limit. Instead the
data indicates that the non-uniform breakdown field values are con-
siderably below the uniform field values in the attachment region.
Furthermore after the corrections to the diffusion lengths have been
applied we would expect that the non-uniform field data to coincide
with the uniform field breakdown data. In Figure 18 we see that the
data falls below the uniform field data.

The discrepancy seen in Figure 18 between theory and experiment
in the diffusion region is not surprising. Our choice for the electron
density spatial distribution in each of the cavities is only a crude
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approximation to the actual density distribution. In addition the theory
assumes that the ionization coefficient, ¥ is determined by the field
at each point. This means that the distance that an electron diffuseé
in an energy relaxation time be small compared to the distance over

which the field changes appreciably. We have calculated the pressure

. below which this is no longer true for our cavities in Section II C.

The broken iiné marked energy relaxation limit in Figure 18 shows this

"point. At values of pA' below this limit the above criteria is not
'strictly true in our cavities, thus providing an additional cause for

the discrepancy of theory and experiment in this region. However, we

suspect that the main cause for the discrepancy in this region is the
crude choice of the electron density distribution function. A more
complex distribution function was not chosen in deference to available
computer time.

The fact that the experimental data falls helow the attachment
limit, suggests that possibly a mechanism in addition to attachment
and diffusion plays a role in strongly non-uniform field breakdown. In
addition to possible surface effects it is conceivable that a negative
space charge near the maximum field point could reduce both diffusion
and attachment, thereby lowering the breakdownr. fields. Such an effect
might not have shown up in the uniform field breakdown experiments due
to the much larger diffusion rate in the very small gap distance.
Should such a space charge exist, it would probabiy show up stronger in
an attaching gas, such as air where negative ions might contribute to

the space charge. It is to be noted that the data of Platzman and
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Solt*! for the case of the non-uniformity around a boss, also falls
below the theory in the diffusion controlled region. Unfortunately
their data does not extend to the attachment controlled region. The
possible existence of space charge effects in strongly non-uniform
field breakdown warrants further study. It is possible that strong
field gradients which can give rise to confining forces,‘would play
a role in the formation of the space charge.

In Section III we mentioned that since the TE011 mode cavity has
a spacial periodicity in its field distribution, we would look for
some relation between this spacial periodicity and effective diffusion
length, in the hope of clarifying the choice of one half the wavelength
for diffusion lengths in free space. From our calculations no simple
relation between the spacial periodicity in the TE011 mode cavity and
effective diffusion length could be discovered.
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